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Abstract 
The paper explores the experimental results of the prototype compound parabolic trough made of G.I and silver coated selective 
surface. The performance of collector has been evaluated with three kinds of receivers’ coated with two kinds of receiver 
coatings black copper and black zinc and top cover. This line focusing parabolic trough yields instantaneous efficiency of 60 % 
with top cover. A simple relationship between the parameters has been worked out with the regression analysis. Actual field 
experimentation for performance evaluation of prototype system has been done during month of April and May 2012 at Shivaji 
university, Kolhapur [Latitude: 16.42° N, Longitude: 74.13°W] 
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1. Introduction 
The CSP technologies are playing a key role in industrial heating processes. Different concentrating collectors 
are in application to deliver a medium to high temperature heat for industrial heating. It is estimated that a large 
fraction (60 - 70 %) of all the energy consumed in industry is in the form of thermal energy.  Thus,  there  is  a  great  
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potential  for  utilizing  solar  energy  for  industrial process heat  (IPH),  especially in tropical countries like India 
where solar radiation is abundant. The demand for IPH is constant throughout the year and hence the capacity 
utilization of solar systems for IPH can be very high.  In several industries, 100 % processes, heat required is below 
180ºC which can easily and economically be supplied by solar devices.  
Nomenclature 
      A Area of collector (m2) 
Aabs Area of receiver(m2) 
C  Concentration ratio 
Cp Specific heat at constant pressure(J/kg K) 
D Diameter of absorber tube(m) 
Di Inner diameter of receiver tube (m) 
Do Outer diameter of receiver tube (m) 
F Focal  length of parabola (m) 
fc Collector efficiency factor 
fr Heat removal factor 
hf Convective heat transfer coefficient (W/(m20C)) 
Hp-c   Convective heat transfer coefficient between tube to cover (W/(m2 0C)) 
hwind Convective heat transfer coefficient between cover to atmosphere (W/(m2 0C)) 
k   Thermal conductivity (W/(m0C)) 
l   Length of tube (m) 
n Number of day in year 
Nu Nusselt Number 
φ Latitude angle 
Ql   Heat loss (W/m) 
Qu   rate of useful heat gain (W)   
rb Conversion factor for beam radiation 
S Absorbed solar flux (W/m2) 
Sb   Incident beam radiation (W/m2) 
Ta   Atmospheric temperature of water (oC) 
Tc Glass cover temperature (oC) 
Tin   Inlet temperature of water (oC) 
Tout   Outlet temperature of water (oC) 
Tpm   Mean temperature of tube surface (oC) 
Tsky Sky Temperature (oC) 
Ul Heat loss coefficient 
V Wind speed (m/s) 
W Width of trough (m) 
α Absorptance 
α Solar altitude angle  
β slope (rad) 
γ Intercept factor 
δ Declination angle 
ε Thermal emittance 
ηc Solar collector instantaneous efficiency 
θi Angle  of incidence of central solar ray with collector aperture, [deg] 
ρ Specular  reflectance 
σ Stefan Boltzmann constant (5.67 x 10-8 W/(m2 oC 4)) 
τ   Glass transmitivity 
τα Transmittance absorptance product of the receiver glass envelope 
Φ   Rim angle 
ω   Hour angle 
ሶ݉  Mass flow rate 
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Thus, this  low  temperature  process  heat  requirement  in  industries  makes  the  solar  system  quite attractive. 
Authors proposed a cylindrical parabolic trough system with top glass cover for possible application in industrial 
heating and low pressure steam generation. The proposed system consists of a prototype compound parabolic trough 
made of galvanized iron and its surface coated with a silver chrome selective surface. Different researchers working 
on CSP for industrial heating and their brief literature has been cited. Gudekar et.al presents a working model of 
Compound parabolic collector (CPC) system for the application of process steam generation. According to authors 
model is easy for fabrication, operation and has a lower cost compared to other available concentrating solar 
collector systems with further possibility of lowering the cost. An experimental demonstration unit having an 
aperture area of nearly 30 m2 was set up and tested for steam generation. The performance analysis of the system 
shows potential of improving thermal efficiency up to 71%. [1] Hamdi Kessentini, Chiheb Bouden developed a 
numerical code able to predict the thermal behavior of a double tank integrated collector storage system (ICS) with 
compound parabolic concentrator (CPC). A prototype of an ICS device was constructed and experimentally tested 
by authors for outdoors conditions in order to observe the variation of water temperature in the storage tanks. The 
developed numerical tool within this work can be considered as important for the study of double tanked ICS solar 
water heater regarding its transient thermal behavior.[2] Sagade et.al describes the experimental results of the 
prototype parabolic trough made of fiberglass reinforced plastic, and its aperture area coated by aluminum foil with 
reflectivity 0.86. Authors observed that this line focusing parabolic trough with mild steel receiver coated with black 
proxy material has been tested with glass cover and without glass cover yeilds instantaneous efficiency of 51 % and 
39 % with glass cover and without glass cover respectively.[3] M. Souliotis et.al developed a unit based around a 
heat retaining ICS vessel design consisting of two concentric cylinders mounted horizontally inside a stationary 
truncated asymmetric compound parabolic concentrating (CPC) reflector trough. The thermal behaviour of the ICS 
system was compared by authors to that of a flat plate thermosiphonic unit. The experimental results showed that the 
ICS system is as effective during daily operation as it is during the night. [4] Two truncated compound parabolic 
concentrating (CPC) solar collectors, which combine the external CPC and the U-shape evacuated tube together, 
have been developed and tested in by the X. Li et.al. Authors states that, the main objective of this paper is to report 
test results of the 3× and the 6× CPC solar collectors with the U-shape evacuated tube, and to evaluate thermal 
performance which includes the overall heat loss as well as thermal efficiency, thereby providing useful data for 
practical solar process heat applications at the intermediate temperature within 80 °C and 250 °C, such as industrial 
process heat and solar cooling. Under given test conditions, the daily thermal efficiencies of the 3× and the 6× CPC 
collectors can reach 40% and 46% at the collecting temperature of 200 °C, respectively. These verify that these 
kinds of CPC solar collectors are feasible for a wide range of intermediate temperature applications.[5] A detailed 
experimental study was undertaken by H.Singh and P.C. Eames to analyse the natural convective heat transfer in 
CPC cavities, a complex function of collector orientation, geometrical aspect ratios and thermal boundary conditions 
at the enclosure walls. Results are reported for CPC solar collectors with full-, three quarter- and half-height 
reflectors, CR = 2 and a 100 mm wide flat plate absorber. Authors conducted experiments using a purpose built solar 
simulator under controlled lab environment employing realistic boundary and thermal conditions. Authors 
concluded that the correlations developed for prediction of natural convection characteristics in rectangular, annuli 
and V-trough enclosures are not appropriate for application to CPC solar collectors with divergence ranging from 
150% to 300%. Based on the experimental data a correlation is presented to predict the natural convection heat loss 
from the absorber plate of solar collectors for a range of water inlet temperatures. [6] Atul Sagade and N.N shinde 
worked out thermal performance of parabolic dish solar water heater with truncated cone shaped helical coiled 
receiver made up of copper and coated with nickel chrome at focal point. Instantaneous efficiency of 63.9% has 
been achieved with the system explained in this paper. [7] An improvement in the CPC design has been suggested 
by the  Jadhav et.al. in this paper, which brings down its height, without much compromise on the concentration 
ratio. A prototype of this modified CPC design was constructed and tested for thermal efficiencies and achievable 
temperatures. Results show that the modified CPC design can harness the solar energy to provide low cost Industrial 
Process Heat. [8] Yuehong Su et.al presented lens-walled CPC has a thin lens-shape wall with mirror coating on its 
back surface, and the refraction of the lens can lead to a larger acceptance angle. A commercial optical analysis 
software PHOTOPIA is used to determine the optical efficiency of the lens-walled CPC at different incidence 
angles. Authors indicated that, in terms of monthly accumulative solar energy collection, the lens-walled CPC can 
achieve about 80% of the solid CPC's performance and 20–30% larger than the mirror CPC. This indicates that the 
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lens-walled CPC may be a promising design for stationary concentrating photovoltaics application.[9] Atul Sagade 
used parabolic dish collector for instant water heating application. This paper reveals comparative experimental 
analysis of effect of variation of natural and forced convection heat losses on performance of prototype parabolic 
dish water heater with coated and non coated receivers. Authors explained that instantaneous efficiency of 63% and 
48 % has been achieved with coated and non coated receivers [10] A new non-tracking, flat, low-concentrating 
collector has been developed by the Frank Buttinger et.al. for the economical supply of solar process heat at 
temperatures between 120 and 150 °C. The basic concept is the integration of an absorber tube and reflectors inside 
a low pressure enclosure. Asymmetrical reflectors below the headers with a concentration of 0.6X provide extra 
radiation and prevent longitudinal radiation losses. To suppress heat losses due to gas-convection inside, air or inert 
gas like krypton at a pressure below 10 mbar is used. Authors developed a prototype, with an aperture area of 
2.0 m2, was tested in Munich and showed efficiencies of about 50% for krypton at 0.01 bar at a temperature of 
150 °C with a radiation of 1000 W/m2 (900 W/m2 direct, ambient temperature 20 °C). [11] 
2. Experimental setup 
Experimental setup consists of solar system and instruments for measurements. 
1. Anemometer to measure wind speed. 
2. Cold water storage tank with asbestos insulation of capacity 100 tr. 
3. K-type thermocouple 8 quantity  
4. Lux meter calibrated for measurement of global radiation. 
5. Prototype of cylindrical parabolic trough with glass cover and absorber tube. 
6. Support stand for CPC. 
7. Support stand storage tank of height 6 feet. 
8. USB enabled Data Logger to record temperature. 
 
Fig. 1 Experimental setup for evaluation of thermal performance 
 
  
216   Atul A. Sagade et al. /  Energy Procedia  48 ( 2014 )  212 – 222 
Table 1 show system parameters  
 
Table 1: system parameters 
 
Items Values 
  
Collector length 1.82 m 
Collector Width 1.03 m 
Concentration ratio 16.94 ~ 17 
Focal distance 0.221 m 
Glass cover thickness                               3 mm 
Insulation Thickness 5 mm 
Receiver  inner diameter 0.017 m 
Receiver outer diameter 0.019 m 
Rim angle 134.52o 
Storage tank capacity 100 ltr. 
Tank insulation material Asbestos 
Water flow rate 4 lph 
3. Design methodology calculations  
The performance of CPC has been assumed for same radiation flux along the length of negligible heat drop 
across absorber tube and glass. The instantaneous collection efficiency can be calculated as per equation 1[12,13,14] 
 
ߟ௜ ൌ  ொೠௌ್כ௥್כௐכ௟                                                  (1) 
 
The analysis of CPC has been done by studying energy balance equation on an elementary slice dx of absorber 
tube, at a distance x from inlet, yields following equation 2 for steady state [12,13,14] 
 
ௗೂೠ
ௗೣ ൌ  ܵ௕ݎ௕ሺܹ െ ܦ௢ሻߩߛሺ߬ߙሻ௕ ൅ܵ௕ݎ௕ܦ௢ሺ߬ߙሻ௕ െݑ௟ߨܦ௢൫ ௣ܶ௠ െ ௔ܶ൯          (2) 
 
The absorbed solar flux can be given by equation 3 [12,13,14] 
 
ܵ ൌ ܵ௕ݎ௕ߩߛሺ߬ߙሻ௕ ൅ ܵ௕ݎ௕ܦ݋ሺ߬ߙሻ௕ ቀ ஽௢ௐି஽௢ቁ(3) 
 
Heat removal factor can by defined by equation 4, [12,13,14] 
 
௥݂ ൌ ௠ሶ כ஼௣గכ஽௢כ௎೗כ௟ ൥ͳ െ ݁
ିቊಷ
′כഏכವ೚כೆ೗כ೗
೘ሶ כ಴೛ ቋ൩                                     (4) 
 
 Collector efficiency factor fc can be evaluated by equation 5 [12,13,14] 
 
௖݂ ൌ ଵ
௎೗ൈቈ భೆ೗ା
ವ೚
ವ೔כ೓೑቉
                                   (5) 
 
        Thus useful heat gain rate is given by equations 6 and 7 [12,13,14] 
 
ܳ௨ ൌ ሶ݉ כ ܥ݌ כ ሺ ௜ܶ௡ െ ௢ܶ௨௧ሻ                            (6) 
 
Or ܳ௨ ൌ ௥݂ሺܹ െ ܦ݋ሻ כ ݈ כ ቂܵ െ ௎೗஼ ሺ ௜ܶ௡ െ ௔ܶሻቃ                                     (7) 
 
           Equation 7 is equivalent to Hottel-Whiller-Bliss Equation for flat plate collector. 
 Atul A. Sagade et al. /  Energy Procedia  48 ( 2014 )  212 – 222 217
3.1 Calculation of Heat loss coefficient:- 
In case of CPC major heat loss takes place through top opening, bottom and side losses are very small quantities 
so they are neglected. Overall heat loss coefficient is nothing but the top loss coefficient for CPC. Thus it is 
necessary to evaluate heat loss coefficient for trough covered with glass cover and trough without glass cover. 
3.2 Calculation of Heat loss coefficient trough with glass cover:- 
Based on large number of cases scientist have developed empirical correlation to calculate heat loss by simple 
equation. Empirical equation suggested by Malhotra et al. and given by equation 8 
 
௟ܷ ൌ ሾ ெ൬ ಴೅೛೘൰ିሺ
೅೛೘ష೅ೌ
ಾశ೑ ሻబǤమఱమ
൅ ଵ௛ೢ೔೙೏ሿ
ିଵ ൅ ሾ ఙ൫ ೛்೘మ ା்ೌమ൯൫ ೛்೘ା்ೌ ൯
൭ భቀ£೛శబǤబరమఱಾ൫భష£೛൯ቁ൱ିቀ
మಾశ೑షభ
£೎ ቁ
െ ܯ]                   (8) 
 
Where, 
݂ ൌ ቀ ଽ௛ೢ೔೙೏ െ
ଷ଴
௛ೢ೔೙೏మ
ቁ ቀ ்ೌଷଵ଺Ǥଽቁ ሺͳ ൅ ͲǤͲͻͳܯሻ                            (9) 
 
ܥ ൌ ଶ଴ସǤସଶଽሺ௖௢௦ఉሻబǤమఱమ௅బǤమర                             (10) 
 
݄௪௜௡ௗ ൌ ͷǤ͹ ൅ ͵Ǥͺݒ                              (11) 
 
L= spacing, M=1(No. of covers) 
 
Assumptions, 
320 < Tpm < 420K, 260 < Ta < 310K, 0.1 <  £p < 0.95, 0 < v < 10 m/s, 1 < M < 3,0 < β < 900 
3.3 Convective Heat transfer coefficient:- 
Value of Convective Heat transfer coefficient depends on properties of fluid and mean temperature absorber tube. 
Nusselt number can be given by equation 11 [14] and Convective Heat transfer coefficient by equation12 [14] 
 
ܰݑ ൌ ͵Ǥ͸͸                                          (11) 
 
݄௙ ൌ ܰݑ כ ఑஽௜                                        (12) 
3.4 Calculation of Heat loss coefficient trough without glass cover:- 
Heat losses are more in case of system without glass cover. Convection and radiation are the major causes of heat 
loss; it can be calculated by equation 13 [12,13,14] 
 
ொ೟
஺ೌ್ೞ ൌ ݄௪௜௡ௗሺ ௖ܶ െ  ௔ܶሻ ൅ ߪ כ ߝ௖ כ ൫ ௖ܶ
ସ െ ௦ܶ௞௬ସ൯                      (13) 
 
Here hwind can be evaluated by equation 13 and Tsky = Ta-6 [12,13,14] 
 
௟ܷ ൌ
ொ೟ ஺ೌ್ೞൗ
ሺ ೛்೘ି்ೌ ሻ                          (14) 
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4. Experimental data collection  
Experimental data has been collected with prototype compound parabolic trough solar collector made of mild 
steel and its surface coated with a aluminum foil of thickness 10 micron as a reflective surface. This prototype has 
been tested with top cover for instant water heating and steam generation application with water flow rate of 
0.011kg/s.  During experimental performance of collector, copper and mild steel receivers has been coated with 
black copper and black zinc as selective absorber coatings. The experiments have been carried out to check the 
reproducibility of the results. 
 
Table 2: Collector with silver chrome selective coating and black copper coating on copper receiver with (݉ሶ = 0.011 lps) 
 
Time  Global Radiation 
(w/m2) 
Wind speed  
(m/s) 
Temperature at various Location on receiver (ºC) Ul 
(W/(m2oC)) 
 
Qu 
(W) 
Ql 
(W/m) 
 
ηc 
(%) 
   Ta Tin Tr Tout Tgc     
 
10.00 
 
1001.00 
 
1.30 
  
30.00 
 
26 
 
39.60 
 
37.00 
 
35.00 
 
4.03 
 
1004.86 
 
38.66 
 
64.37 
10.30 980.00 0.90 34.00 27 48.86 48.00 41.00 4.13 1062.75 61.48 64.07 
11.00 910.00 1.00 37.00 27 57.45 55.00 44.00 4.41 1034.49 90.2 63.61 
11.30 1020.00 0.10 36.00 28 64.80 63.00 45.00 4.39 1096.05 126.46 63.49 
12.00 1030.00 0.80 35.00 29 74.65 73.00 42.00 4.71 1212.91 186.95 62.81 
12.30 1038.00 2.00 38.00 30 70.58 69.00 43.00 5.03 1199.31 163.91 62.56 
13.00 1013.00 0.60 38.00 31 70.03 65.00 37.00 4.59 1144.13 147.13 63.20 
13.30 990.00 1.00 32.00 31 62.55 60.00 40.00 4.46 1060.32 136.55 63.28 
14.00 994.00 1.80 36.00 32 65.20 61.00 41.00 4.79 1092.5 140.1 62.95 
14.30 950.00 4.00 36.00 33 54.98 52.00 39.00 5 1004.86 94.96 62.90 
15.00 973.00 2.00 37.00 33 51.91 48.00 41.00 4.48 716.39 66.89 63.57 
15.30 930.00 3.00 37.00 34 53.30 51.00 39.00 4.68 933.52 69.9 63.42 
16.00 827.00 2.20 35.00 26 55.82 55.00 38.00 4.56 257.33 95.13 61.73 
 
 
Table 3: Collector with silver chrome selective coating and black copper coating on mild steel receiver with (݉ሶ = 0.011 lps) 
 
Time  Global 
Radiation 
(w/m2) 
Wind 
speed  
(m/s) 
Temperature at various Locations on receiver (ºC) 
 
Ul 
(W/(m2oC)) 
 
Qu 
(W) 
Ql 
(W/m) 
 
ηc 
(%) 
   Ta Tin Tr Tout Tgc     
 
10.00 
 
972.00 
 
0.20 
 
30.10 
 
27 
 
59.78 
 
58.10 
 
41.00 
 
4.25 
 
960.54 
 
126.24 
 
63.35 
10.30 988.00 0.80 31.30 27 58.75 57.30 42.80 4.32 1060.89 118.62 63.53 
11.00 920.00 0.60 35.70 28 73.13 65.20 46.60 4.62 1035.89 173.23 63.01 
11.30 718.00 1.70 30.00 29 68.95 68.60 39.20 4.81 824.87 187.43 62.23 
12.00 857.00 0.80 37.30 30 71.33 70.00 41.40 4.67 1009.56 159.1 62.84 
12.30 1034.00 1.20 38.00 30 83.30 80.60 45.50 5.07 715.96 229.53 60.42 
13.00 1030.00 1.00 38.30 31 83.90 83.30 40.30 5.01 1143.52 228.55 62.17 
13.30 1068.00 2.00 37.00 32 75.33 73.40 39.50 5.11 771.51 196 60.31 
14.00 893.00 0.60 38.80 32 78.98 71.00 39.30 4.77 869.60 191.77 62.57 
14.30 975.00 0.80 38.20 33 83.53 70.20 38.80 4.9 838.86 222.14 62.36 
15.00 985.00 1.20 36.80 34 76.53 63.50 39.20 4.83 709.60 192.26 62.46 
15.30 900.00 1.50 37.40 34 73.65 61.40 41.30 4.85 484.04 175.87 62.09 
16.00 875.00 1.30 33.50 27 68.35 59.30 38.80 4.59 265.71 160.06 61.17 
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Table 4: Collector with silver chrome selective coating and black zinc coating on copper receiver with (݉ሶ = 0.011 lps) 
 
Time  Global 
Radiation 
(w/m2) 
Wind 
speed  
(m/s) 
Temperature at various Location Locations on 
receiver (ºC) 
                       
Ul 
(W/(m2oC)) 
 
Qu 
(W) 
Ql 
(W/m) 
 
ηc 
(%) 
   Ta Tin Tr Tout Tgc     
            
10.00 934.00 0.20 34.10 30 71.48 70.20 43.10 4.47 912.67 167.33 62.91 
10.30 950.00 0.50 35.30 31 74.38 72.00 47.00 4.61 1007.9 180.32 62.80 
11.00 1003.00 0.70 32.50 32 75.65 75.50 41.20 4.66 1121.66 201.26 62.68 
11.30 1023.00 0.40 40.90 32 85.75 81.70 43.30 4.92 1178.63 220.85 62.44 
12.00 934.00 0.80 36.00 33 59.88 59.00 42.70 4.4 1112.25 105.27 63.52 
12.30 1040.00 0.50 36.00 34 66.53 65.90 43.50 4.47 1225.28 136.59 63.33 
13.00 1015.00 1.50 37.60 35 69.50 68.20 44.00 4.84 1336.60 154.67 62.77 
13.30 604.00 0.80 36.70 35 57.75 56.20 41.50 4.35 645.72 91.58 63.33 
14.00 1024.00 0.90 36.80 36 71.38 70.90 42.30 4.67 998.74 161.59 62.79 
14.30 1022.00 2.50 39.50 36 73.10 72.41 42.50 5.19 871.37 174.66 61.97 
15.00 854.00 0.90 39.80 36 65.03 64.50 47.90 4.53 616.15 114.37 62.81 
15.30 980.00 1.40 39.00 35 71.58 70.47 45.10 4.79 521.55 156.26 61.86 
16.00 955.00 1.00 36.50 30 70.13 69.48 46.40 4.57 283.41 153.97 60.85 
5. Results and discussions 
5.1 Relationship between receiver temperatures with heat losses 
Receiver temperature is the average of 4 values over the space and not over the time. Temperature has been 
measured at four locations over the length of receiver. The variation plotted shows that as receiver surface 
temperature increases, it increases thermal conductivity of air surrounding the receiver. When air conductivity 
increases heat losses also increases but this is not only the cause of heat loss. Main cause for heat loss is temperature 
gradient between receiver and surrounding and wind velocity at instant and hence therefore an increase in 
convective and radiative heat losses from receiver. An average receiver temperature has been determined to provide 
accurate receiver loss predictions. Also wind velocity affects the variation of convective heat loss coefficient. From 
the regression analysis, for predicting the relationship between receiver temperature and heat loss, it has been 
confirmed that, there is a positive relation between receiver temperature and heat loss. The equation (A), (B), and 
(C) interprets the relationship between receiver temperature and heat loss with different coating materials 
 
Tr = 35.61+ 0.21(Ql) for black copper coating on copper receiver --------- (A) 
Tr = 32.83+ 0.224(Ql) for black copper coating on mild steel -------------- (B) 
Tr = 40.93 + 0.188(Ql) for black zinc coating on copper receiver ---------- (C) 
 
For equation (A), if the receiver temperature increases by 1°C, then heat loss will increase by approximately 0.21 
W/(m2.°C) This is also true for equation (B), and (C). For black copper coating on mild steel and black zinc coating 
on copper receiver if the receiver temperature increases by 1°C, then heat loss will increase by approximately 0.224 
W/(m2.°C) and 0.188 W/(m2.°C) respectively. Fig.2 shows variation of receiver temperature and heat loss. 
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Fig.2 Variation of receiver temperature and heat loss 
5.2 Relationship between receiver temperatures with collector efficiencies 
It is observed that, the receiver temperature is one of the contributing factors affecting the collector efficiency. 
Regression eq.(D), (E) and (F) explore the relation between collector efficiency, receiver temperatures of different 
coatings,. These equations interprets that, collector efficiency has negative relation with the receiver temperature, 
because of the fact that, higher the receiver temperature, higher will be the heat losses through the receivers.  
 
Fig. 3 Variation of collector efficiency with receiver temperature 
 
ηc = 65.85 – 0.042(Tr) for black copper coating on copper receiver ------- (D) 
 ηc = 67.46 – 0.070(Tr) for black copper coating on mild steel --------------- (E) 
ηc = 65.76 – 0.042(Tr) for black zinc coating on copper receiver ------------ (F) 
 
From equation (D), it is clear that, if the receiver temperature increases by 0.042°C, then collector efficiency will 
decrease by approximately 1 %. For black copper coating on mild steel and black zinc coating on copper receiver, if 
the receiver temperature increases by 0.07°C and 0.042 °C respectively, then collector efficiency will decrease by 
approximately 1 %. Fig. 3 shows variation of collector efficiency with receiver temperature. 
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5.3Relationship between receiver temperatures with outlet water temperatures 
Receiver temperature increases rapidly as the solar radiation on collector increases. It in turn increases the outlet 
water temperature. Also it has been observed that as the atmospheric temperature rises, there was rise in inlet water 
temperature. The rise of temperature of outlet water is also affected by adversely by wind velocity at that instant. It 
has been confirmed that, from the regression analysis that, there is a positive relation between receiver temperature 
and outlet water temperature. The equation (G), (H), and (I) interprets the relationship between receiver temperature 
and outlet water temperature. The equation (G), (H), and (I) are very much satisfied by the actual values. 
 
Tr = 2.77 + 0.99(Tout) for black copper coating on copper receiver -------- (G) 
Tr = 16.75 + 0.834(Tout) for black copper coating on mild steel ----------- (H) 
Tr = -3.1058 + 1.06(Tout) for black zinc coating on copper receiver -------- (I) 
 
Equation (G), interprets that, if the receiver temperature increases by 1°C, then outlet water temperature will 
increase by approximately 0.99°C. This is also true for equation (H) and (I). For black copper coating on mild steel 
and black zinc coating on copper receiver, if the receiver temperature increases by 1°C, then outlet water 
temperatures will increase by approximately 0.83°C and 1.06°C respectively. Fig.4 shows variation of receiver 
temperature and outlet water temperatures. if rise in outlet water temperature is 0°C, then the model predicts that, 
the value of rise in receiver temperature is equal to intercept of each model. 
 
Fig. 4 Variation of outlet water temperature with receiver temperature 
5.4 Relationship between receiver temperatures with temperature gradients 
Equation (J), interprets that, if the receiver temperature increases by 1°C, then temperature gradient for black 
copper coating on copper receiver will increase by approximately 0.94°C. For black copper coating on mild steel 
and black zinc coating on copper receiver, if the receiver temperature increases by 1°C, then outlet water 
temperatures will increase by approximately 0.66°C and 0.91°C respectively. Fig.5 shows variation of receiver 
temperature and outlet water temperatures. if rise in temperature gradient is 0°C, then the model predicts that, the 
value of rise in receiver temperature is equal to intercept of each model. 
 
Tr = 34.15 + 0.94(∆T) for black copper coating on copper receiver-------- (J) 
Tr = 48.87+ 0.66(∆T) for black copper coating on mild steel -------------- (K) 
Tr = 37.98 + 0.915(∆T) for black zinc coating on copper receiver--------- (L) 
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Fig 5. Variation of temperature gradient with receiver temperature 
5. Conclusion: 
From Indian climatic conditions, the system designed and proposed in this paper can be proven a one of the 
efficient source of industrial heating applications at lower flow rates. Top covered CPC systems with different 
receiver materials and selective receiver coating may increase the life of reflecting surfaces and receiver coatings 
with reduction of heat losses from the receivers. Theoretical regression modeling equations are satisfied by the 
actual experimental results; hence can be considered for design purpose and evaluation of thermal performance of 
the similar systems with different permutations and combinations. The experimental results are presented and the 
validity of the model is examined by comparison of the theoretical results with experiments which demonstrates a 
good agreement. 
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